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Summary Up to one third of the children with epilepsy are classified as having
cryptogenic localization epilepsy (CLRE). Unfortunately, not much is known on the
prognosis of CLRE; it is assumed to be somewhere between the benign course of many
idiopathic epilepsies and the more malignant course of most symptomatic epilepsies.
The risk of cognitive decline over time seems to be increased for children with
epilepsy, but no data are available specifically for CLRE.
This study was a systematic cross-sectional open clinical and non-randomized
investigation, which included 68 children with CLRE, 24 children with symptomatic
localization related epilepsy (SLRE) and 21 children with idiopathic generalized
epilepsy (IGE).
One-way between-groups ANOVAs with Tukey post hoc testing were used to test
differences in demographical variables and IQ between CLRE, SLRE and IGE and to test
the influence of duration of epilepsy and other epilepsy factors on IQ. To test whether
there were IQ differences between the three types of epilepsy regarding duration of
epilepsy and other epilepsy factors, the Kruskal—Wallis test was used.
In CLRE, intelligence is stable over time; IQ scores do neither improve nor
deteriorate. Age at onset, seizure type, seizure frequency and the use of AED
appeared to have no influence on intelligence in CLRE. Furthermore, over time,
there appeared to be no differentiation regarding IQ between CLRE, SLRE and IGE.
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Up to one-third of the children with epilepsy are
diagnosed with cryptogenic localization epilepsy
(CLRE).1—3 The term cryptogenic refers to a disorder
whose cause is occult. It is presumed to be sympto-
matic, but the aetiology is not known. Localization
related means that the seizure semiology or EEG
findings at investigation disclose a localized origin of
the seizures.4
Unfortunately, the prognosis of CLRE is still
unclear.5 Camfield and Camfield6 described a benign
clinical course for about half of the children with
CLRE, while for the other half, the outcome was
uncertain. Also, both high remission rates7,8 and
frequent relapses8,3 are described. Currently, the
clinical prognosis of CLRE is assumed to be some-
where between the benign course of many idio-
pathic epilepsies and the more malignant course
of most symptomatic epilepsies. This is confirmed
by Dunn et al.9 who studied the severity of paedia-
tric epilepsy syndromes. Each syndrome was rated
on a 10-point scale, with 1 being least severe and 10
being most severe. On this scale, CLRE scored 7,
symptomatic localization related epilepsies scored
between 5 and 9 and idiopathic generalized epilep-
sies scored between 2 and 6.
Cognitive impairment is the most common
comorbidity in epilepsy.10 As yet it is unclear
whether there is a specific risk to develop cognitive
impairments for children with CLRE. Elger et al.11
described that in most idiopathic epilepsies, cog-
nition is normal or only mildly detoriated, while
CLRE and symptomatic localization related epi-
lepsy are accompanied by focal deficits. Bulteau
et al.12 and Nolan et al.13 both described that
children with symptomatic or cryptogenic general-
ized epilepsies had significantly lower IQ scores
than children with localization related epilepsies
or idiopathic generalized epilepsies. Aldenkamp
et al.10 found lower IQ scores for children with
localization related epilepsies and symptomatic
generalized epilepsies than for children with idio-
pathic generalized epilepsies.
An important issue for prognosis is whether cog-
nitive decline occurs over time. Some studies have
shown intellectual deterioration in the course of
epilepsy.11,13—16 Bjornes et al.17 described that chil-
dren with a shorter seizure history had higher IQs
than children with a longer duration of epilepsy.
However, Aldenkamp et al.18 could not find signifi-
cant drops in mean IQ scores in a 4-year follow-up of
children with epilepsy. The risk of cognitive decline
over time seems to be increased for children with
epilepsy, but no data are available specifically for
CLRE.The aim of this study is to investigate the influ-
ence of duration of epilepsy in a group of children
with CLRE; are there IQ differences on short, middle
and long term?
Furthermore, we will try to objectify the position
of CLRE in comparison to symptomatic localization
related epilepsy (SLRE) and idiopathic generalized
epilepsy (IGE).Patients and methods
Design
A systematic cross-sectional open clinical and non-
randomized design was used.
Subject selection
A total of 113 children and adolescents were
included consecutively in this study. All these
patients were referred to a specialized expert team
in our epilepsy centre between January 1999 and
December 2004 for assessment of relationships
between epilepsy and learning difficulties.
The inclusion criteria were age between 6 and 16
years, the results of a WISC had to be available and a
diagnosis of CLRE, SLRE or IGE made or confirmed by
one of our (child) neurologists following the 1989
revised ILAE classification.4
Assessment procedures
All patients were assessed with the Revised Wechs-
ler Intelligence Scale for Children (WISC-R). The
scale consists of six verbal subtests (information,
similarities, arithmetic, vocabulary, comprehension
and digit span) and of six performance subtests
(picture completion, picture arrangement, block
design, object assembly, coding and mazes). The
verbal subtests measure acquired knowledge, ver-
bal reasoning and comprehension of verbal informa-
tion and the performance subtests measure
nonverbal reasoning, spatial processing skills,
attentiveness to detail and visuomotor integration.
Full-scale IQ (FSIQ), Verbal IQ (VIQ) and Perfor-
mance IQ (PIQ) were computed.
Statistical analysis
Data were collected on record forms and entered
into a database. To analyse these data, the Statis-
tical Package for Social Sciences (SPSS), version 14.0
for Windows, was used.
Differences in demographical variables between
CLRE, SLRE and IGE were tested using a one-way
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in case of continuous variables and a chi-square test
in case of categorical variables.
IQ differences between CLRE, SLRE and IGE were
analysed using a one-way between-groups ANOVA,
with Tukey post hoc testing.
To analyse the influence of duration of epilepsy
on intellectual functioning in CLRE, the children
were subdivided into subgroups with a different
duration of epilepsy; 0—48 months, 49—96 months
and 97—168 months. The first category represents
the newly diagnosed patients, the last category,
patients with chronic epilepsy. The influence of
duration of epilepsy was analysed using a one-way
between-groups ANOVA. Post hoc analysis was done
using the Tukey test.
Other epilepsy characteristics have been docu-
mented in relation to cognitive impairment. These
have to be controlled, to find outwhether duration of
epilepsy is the primary factor and is not confounded
by other factors. The most important epilepsy
factors are seizure type,15,19—22 seizure fre-
quency,13,16,17,20,21 age at onset11,13,20,23—25 and
the use of anti-epileptic drugs (AED).13,15,20,21,26
To analyse the influence of these factors a one-
way between-groups ANOVA, with Tukey post hoc
testing, was used. In case of a comparison between
two groups, the Independent-Samples t-test was
done.
To analyse whether the influence of duration of
epilepsy on IQ is different for the three types of
epilepsy, all children were subdivided in the above-
mentioned categories. To control for other epilepsy
factors, IQ differences between CLRE, SLRE and IGETable 1 Demographic and clinical characteristics
CLRE (n = 68
Gender 40;28 (m;f)
Age (years;months) 10;3 (S.D. 2;
Age at onset (years;months) 6;3 (S.D. 3;8
Duration of epilepsy (years;months) 4;0 (S.D. 3;0
Seizure type
Simple partial seizures 9 (13.2%)
Complex partial seizures 37 (54.4%)
Absences 0 (0%)
(Secondary) generalized seizures 22 (32.4%)
Seizure frequency
Seizure free 13 (19.1%)
Low frequencya 22 (32.4%)
High frequencya 33 (48.5%)
Anti-epileptic drugs (AED)
No AED 9 (13.2%)
Monotherapy 44 (64.7%)
Polytherapy 15 (22.1%)
a Low frequency: less than one seizure a month; high frequency:within age at onset, seizure type, seizure frequency
and the use of AED were analysed. Both of these
analyses were done by using the Kruskal—Wallis test.
A significance level of 5% was used.Results
The cohort consisted of 68 children with cryptogenic
localization related epilepsy (CLRE), 24 with symp-
tomatic localization related epilepsy (SLRE) and 21
children with idiopathic generalized epilepsy (IGE).
The demographical and clinical characteristics of
these three groups are summarized in Table 1.
No differences between the three epilepsy
cohorts existed regarding age (F = .840, p = .434),
age at onset (F = 1.247, p = .292), seizure frequency
(x2 = 5.325, p = .256) and the use of AED (x2 = 4.721,
p = .317). The groups did however differ on gender
(x2 = 7.643, p = .022), seizure type (x2 = 99.235,
p = .000) and duration of epilepsy (F = 4.105,
p = .019; SLRE longer duration than CLRE, p = .014).
Differences in IQ between the three epilepsy
groups were analysed. The IQ scores of CLRE, SLRE
and IGE are summarized in Table 2.
The children with CLRE, SLRE and IGE had low
average full-scale IQs; 87.7, 82.2 and 86.6.
No significant differences were found between
the epilepsy groups on TIQ, VIQ or PIQ. Also most of
the subtests did not show statistically significant
differences, except for two of the verbal subtests:
similarities (F = 5.428, p = .006) and vocabulary
(F = 6.194, p = .003). On both tests children with
CLRE and IGE performed significantly better than) SLRE (n = 24) IGE (n = 21)
16;8 (m;f) 6;15 (m;f)
5) 10;11 (S.D. 3;2) 9;11 (S.D. 2;8)
) 5;0 (S.D. 3;8) 5;2 (S.D. 3;1)
) 6;3 (S.D. 4;0) 4;9 (S.D. 2;5)
1 (4.2%) 0 (0%)
18 (75%) 0 (0%)
0 (0%) 18 (85.7%)
5 (20.8%) 3 (14.3%)
8 (33.3%) 8 (38.1%)
5 (20.8%) 3 (14.3%)
11 (45.8%) 10 (47.6%)
1 (4.2%) 0 (0%)
18 (75%) 17 (81.0%)
5 (20.8%) 4 (19.0%)
more than one seizure a month up to daily seizures.
Epilepsy on IQ in children with CLRE 311
Table 2 IQ scores
CLRE SLRE IGE
Full-scale IQ 87.74 82.17 86.57
Verbal IQ 89.76 83.75 89.95
Performance IQ 88.29 82.75 85.14
Information 8.03 7.17 8.26
Similarities 9.38 7.13 9.74
Arithmetic 8.29 7.61 7.95
Vocabulary 8.52 6.35 8.74
Comprehension 8.51 7.87 9.00
Digit span 8.25 8.83 8.16
Picture completion 8.17 6.96 8.89
Picture arrangement 8.98 7.91 8.79
Block design 8.17 7.57 7.74
Object assembly 7.14 7.43 6.58
Coding 8.37 7.35 8.00
Mazes 9.68 8.35 9.42
General population–—IQ: mean = 100, S.D. = 15; subtests:
mean = 10, S.D. = 3.
Figure 1 Duration of epilepsy. FSIQ: full-scale IQ; VIQ:
verbal IQ; PIQ: performance IQ.children with SLRE (similarities p = .018, p = .008;
vocabulary p = .014, p = .003).
Next, it was studied whether IQ changes over
time for CLRE patients (Fig. 1). For this purpose,
the children with CLRE were subdivided into three
categories of different durations of epilepsy; 0—48
months, 49—96 months and 97—168 months. No
significant differences between the three duration
categories were found.
To check whether other epilepsy factors influence
IQ in CLRE, age at onset, seizure type, seizure
frequency and the use of AED were analysed. Age
at onset was subdivided into three categories: 0—48
months, 49—96 months and 97—168 months. No
significant IQ differences were found between these
categories. Seizure type was subdivided into simple
partial seizures (SPS), complex partial seizures
(CPS), (secondary) generalized seizures ((S)GS)
and absences. No significant IQ-differences were
found between these seizure categories. Seizure
frequency was subdivided into seizure free, low
seizure frequency and high seizure frequency. No
significant IQ differences were found between these
categories. The use of anti-epileptic drugs (AED)
was also subdivided into three categories; no AED,
monotherapy and polytherapy. No significant IQ dif-
ferences were found between these categories.
We also looked at IQ differences between CLRE,
SLRE and IGE over time (Fig. 1). Again, the children
were subdivided into three categories of short
(0—48 months), middle (49—96 months) and long
(97—168 months) duration of epilepsy. Within these
categories, no significant differences were found
between CLRE, SLRE and IGE. However, on the long
term, there was a trend towards significance on the
verbal IQ (x2 = 5.148, p = .076).To control for other epilepsy factors, we analysed
whether there were IQ differences between CLRE,
SLRE and IGE within age at onset, seizure type,
seizure frequency and the use of AED. No significant
IQ differences were found within any of these
factors.Discussion
In this study, intellectual functioning over time in a
group of children with CLRE is analysed. Moreover,
this is studied in relation to SLRE and IGE.
Our results show that within the group of CLRE
patients, no significant IQ differences were found
between children with a short (0—48 months), mid-
dle (49—96 months) and long (97—168 months) epi-
lepsy duration. Therefore, IQ in CLRE appears to be
stable over time.
We looked whether other epilepsy variables could
possibly influence intellectual functioning in CLRE.
In contrast to what is frequently found in literature
for other types of epilepsy,11,14,16,18 age at onset did
not have a significant impact on intellectual perfor-
mance in children with CLRE; children with an early
312 S.G.M. van Mil et al.onset did not show a lower IQ than children with a
middle or late onset. Neither there were IQ differ-
ences found between children with a middle or late
seizure onset. In literature, it is frequently
described that complex partial or secondary gen-
eralized seizures have a large impact on cognitive
functioning.15,19—22 In this study, we found no IQ
differences between children with simple partial
seizures, complex partial seizures and secondary
generalized seizures. Therefore, seizure type does
not seem to influence cognition in children with
CLRE. Contrary to other studies on cognitive devel-
opment in children with epilepsy,11,13,15—17,21 sei-
zure frequency did not influence IQ in children with
CLRE. Children who were seizure free for at least 1
year did not perform different from children with
low or high seizure frequencies. Neither IQ differ-
ences were found between children with low and
high seizure frequencies. In literature, it is
described that polytherapy has a more severe
impact on cognitive functioning than monother-
apy.15,20,21,26 In contrast to this, no significant IQ
differences were found between children without
AED, children on monotherapy and children on poly-
therapy. Hence, the number of AEDs does not influ-
ence cognitive functioning in children with CLRE.
Taken together, other epilepsy characteristics
appeared to have no influence on the intellectual
functioning of children with CLRE.
Before we started to look for differences in IQ
between CLRE, SLRE and IGE, we checked whether
there were differences between these three
groups regarding their demographical and clinical
characteristics. This was not the case for age, age
at onset, seizure frequency and the use of AED. The
groups did however differ on gender, seizure type
and duration of epilepsy. Since gender does not
influence IQ per se, this was not taken into account
in the other analyses. The fact that seizure type
differs between the groups is logical since most
children with IGE had absences and this seizure
type does not occur in CLRE and SLRE. At the same
time, the seizure types occurring in CLRE and SLRE
were uncommon in IGE. The fact that the group of
children with SLRE had a longer duration of epi-
lepsy than children with CLRE does not influence
the other results of this study; in the rest of the
analyses duration of epilepsy is subdivided into
categories and these are the same for all types
of epilepsy.
Next, we looked at IQ differences between CLRE,
SLRE and IGE over time. Within the three duration
categories, no significant differences were found.
On the long term, there was however, a trend
towards significance on the verbal IQ. When com-
paring larger groups of children, this trend possiblyreaches significance and CLRE, SLRE and IGE differ-
entiate regarding the course of IQ.
To rule out the possibility that no differentiation
was found between CLRE, SLRE and IGE because of
the influence of other epilepsy factors (age at onset,
seizure type, seizure frequency and the use of AED),
their influence on intellectual functioning was
tested. However, no significant IQ differences were
found within any of these factors.
We may conclude that intelligence in CLRE is
stable over time; IQ scores do neither improve
nor deteriorate. This is in line with our previous
finding that children with CLRE show a stable neu-
ropsychological profile with difficulties in mainly
alertness, mental speed and memory.25 Further-
more, in contrast to literature,6,9 there appeared
to be no differentiation over time regarding IQ
between CLRE, SLRE and IGE.Acknowledgement
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